ABSTRACT
INTRODUCTION
Ultrahigh-pressure (UHP) terranes are defined by the presence of regionally developed metamorphic coesite and are composed of crustal rocks that were subducted to and exhumed from mantle depths of >100 km. The Qinling-Dabie-Sulu orogen of China contains one of EarthÕs three giant UHP terranes. Several features make this UHP orogen one of the best for understanding the generation and exhumation of UHP rocks: (i) UHP rocks cover an area exceeding 10 000 km 2 ; (ii) the presence of carbonates, phosphates, basalts and quartzites proves that the UHP rocks represent in part a subducted supracrustal sequence (Rolfo et al., 2004) and are not simply overthickened lower crust and (iii) well-documented peak metamorphism of 650-850°C and 4 GPa (summary in Hacker, 2006) shows that this terrane was subducted to and exhumed from depths of 135 km.
Central to resolving the physical and chemical processes involved in the genesis and exhumation of UHP terranes is constraining the sequence of events. Simple questions like: ÔHow rapid was exhumation of the UHP rocks?Õ ÔWhat physical property changes happened during subduction and exhumation?Õ ÔHow have the UHP rocks changed since being exhumed to crustal levels?Õ remain poorly answered. In the specific case of the giant Qinling-Dabie-Sulu UHP terrane, it is known that it developed during northward subduction of the Yangtze Craton beneath the Sino-Korean Craton in the Triassic (Hacker et al., 2000) , but important controversies include: exactly when in the Triassic did the UHPM occur? When were the rocks exhumed to crustal levels? How did the Triassic UHPM affect the Sino-Korean craton? What has been the P-T history of the UHP rocks since subduction? This study addresses these issues by presenting new 40 Ar ⁄ 39 Ar ages from the Sulu area and comparing them with a isotopically broader data set.
GEOLOGY OF SULU
The Shandong peninsula in eastern China contains one of the great HP and UHP regions on Earth ( Fig. 1 ) (Cong, 1996; Hacker et al., 2004) . It is separated into two domains by the Yantai-Qingdao-Wulian (YQW) fault system. North-west (NW) of this fault are rocks that Hacker et al. (2006) identified as the ÔQinling microcontinentÕ, based on the spatial distribution of U-Pb ages and degree of metamorphism. The microcontinent basement rocks consist of amphibolite facies, and locally granulite facies, banded mafic to felsic gneisses (Zhai et al., 2000) overlain by medium-grade to unmetamorphosed rocks of Archean(?), Proterozoic and lower Palaeozoic age known as the Jiaodong, Fenzishan, Jingshan-Wulian and Penglai Groups (Wu et al., 2004) . Differentiating among these groups is difficult, but the Wulian and Penglai Groups have Sinian fossils (Zhou et al., 1995) , generally low-grade metamorphism, and the same heterogeneous rock types (see below), even though they are exposed in different regions (Wulian in the southwestern and Penglai in the northeastern Shandong peninsula). Rocks affiliated with the Qinling microcontinent are locally exposed south-east (SE) of the YQW fault, where they presumably lie tectonically on top of the Sulu gneiss (Faure et al., 2001 (Faure et al., , 2003 .
South-east of the YQW fault the basement rocks (ÔSulu gneissÕ) are dominantly banded felsic gneisses containing ultramafic and mafic blocks with local coesite-eclogite parageneses. In some regions, the felsic gneisses preserve features characteristic of granites (Wallis et al., 1997) and in other regions are intercalated with lenses of dolomitic marble and schist (Kato et al., 1997) , but no clear evidence proves a metasedimentary or meta-igneous origin for all the gneisses. The UHP and HP eclogites and garnet peridotites reached conditions of 650-850°C and 4 GPa during continental subduction; this UHP metamorphism was followed by a strong amphiboliteto granulite facies overprint at 750°C and 1 GPa that nearly erased the record of the UHP event (Zhang et al., 1995; Banno et al., 2000; Nakamura & Hirajima, 2000) . The Sulu terrane has been subdivided into four slices based on structures and metamorphic grade (Xu et al., 2006) ; Fig. 1 shows simply a UHP and an HP unit.
The pre-Mesozoic rocks on both sides of the YQW fault are intruded by numerous igneous bodies of Triassic to Cretaceous age (Yang et al., 2005b) and unconformably overlain by dominantly volcaniclastic Mesozoic to Cenozoic sedimentary rocks.
GEOCHRONOLOGY PREAMBLE
Numerous geochronology studies on the Shandong Peninsula rocks shed light on the subduction and exhumation history of the UHP rocks. U ⁄ Pb studies through to about 2005 were reviewed by Hacker et al. (2006) , and subsequent studies -along with Sm-Nd and Lu-Hf work -are reviewed here. Much 40 Ar ⁄ 39 Ar dating has been done in the Sulu area. 40 Ar ⁄ 39 Ar ages have the advantage of high precision and the ability to reconstruct cooling histories, but they have the disadvantage that they may be susceptible to excess 40 Ar that is not always recognizable (Li et al., 1994; Hacker & Wang, 1995; Giorgis et al., 2000) . Moreover, K-bearing phases have closure temperatures low enough to be partially reset by later thermal events and may yield spectra with intermediate ages that are not diagnostic of either their formation or subsequent cooling event. Finally, deformation can lead to Ar loss or gain. All of these issues complicate the interpretation of 40 Ar ⁄ 39 Ar spectra, such that it is the combination of 40 Ar ⁄
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Ar dating of multiple minerals with different closure temperatures with other isotopic ages that permits the best interpretations. For the purposes of this paper we assume nominal closure temperatures of 600-500°C for hornblende, 450-350°C for K-white mica, 350-250°C for biotite, 450-350°C for high-T steps of K-feldspar and 200-100°C for low-T steps of K-feldspar; this is a simplification, but the complex and incompletely measured thermal history of the Sulu area does not yet warrant a more detailed approach. All 40 Ar ⁄ 39 Ar ages for which isotopic ratios have been published have been recalculated in an attempt to introduce conformity; none have been updated to follow the recommendations of Renne et al. (1998) , which would make them all 1% older than stated.
Nearly, all attempts to date the UHP metamorphism in Sulu have been through SIMS U-Pb dating of zircon. For this study, all published U-Pb zircon data were re-evaluated to place all analyses on an equal footing and to screen out low-quality analyses. All the zircon ages reported here are single-population (low MSWD) concordia ages (sensu Ludwig, 1998) from common-Pb corrected concordant spot analyses only; for some datasets this resulted in rejection of a large number of spot ages. This removes problems associated with interpretation of discordant data (especially reversely discordant data), but cannot overcome issues associated with small degrees of inheritance or Pb loss.
Researchers have made valiant efforts to use zircon inclusions and zircon chemistry to assess whether zircon grew at (U)HP or low pressure, but even the best studies face three problematic issues inherent to zircon: (i) some inclusions are insufficiently diagnostic of pressure. Garnet in mafic rocks, for example, indicates pressures >1 GPa, but not necessarily more; the same is true for rutile. Plagioclase is stable up to pressures of at least 1.6 GPa at 800°C in mafic rocks. The only foolproof (U)HP indicator minerals are omphacite + garnet or coesite. For this study, we evaluated the meaning of inclusions based on the following simple rules for MORB, as calculated by Perple_X (Connolly, 2005) : garnet indicates > 1 GPa, plagioclase < 1.6 GPa, amphibole < 2 GPa, epidote < 2.2 GPa, rutile > 0.8 GPa, coesite > 2.7 GPa, etc. (ii) some dated zircon domains contain no inclusions; (iii) recrystallization can blur even the best inclusion data. For example, the presence of plagioclase in a zircon domain (e.g. mantle or rim) precludes the possibility that the domain grew at (U)HP, but it does not preclude the possibility that the domain grew at low pressure and then recrystallized at HP; likewise, the presence of garnet or omphacite in a zircon domain does not preclude the possibility of highpressure zircon growth followed by low-pressure zircon recrystallization.
NEW GEOCHRONOLOGY
Thirty six 40 Ar ⁄ 39 Ar ages from hornblende, K-white mica, biotite and K-feldspar separates of 26 Sulu rocks (Tables 1 & S1 ; Appendix S1) were measured, taking care to study samples from both sides of the YQW fault and from localities that have played an important role in revealing the UHP history. Samples were analysed at Stanford University and the University of California Santa Barbara using Staudacher-type resistance furnaces and MAP-216 mass spectrometers (for details see Hacker & Wang, 1995; Calvert et al., 1999) . The neutron fluence standard was Taylor Creek sanidine, with an assumed age of 27.92 ± 0.16 Ma (2r, excluding decay-constant uncertainty). Uncertainties quoted in this paper are either 2r or 95% confidence level.
Precambrian ages
A mix of K-feldspar, biotite and hornblende was analysed from seven orthogneisses of the Qinling microcontinent (Fig. 2) . One sample -92HXS05 biotite -was analysed twice in the two different laboratories and gave spectra with monotonically increasing ages; such spectra might be compatible with cooling after c.1700 Ma. Only two samples, a hornblende 94MJY01 and K-feldspar 92XS04, displayed relatively simple spectra with weighted mean ages of 1802 ± 10 and 662.6 ± 0.9 Ma respectively. The remaining five samples gave complex spectra suggestive of excess 40 Ar (e.g. no plateau) or gave isochrons indicative of excess 40 Ar (e.g. trapped components with 40 Ar ⁄
36
Ar ratios greater than atmosphere). The interpreted ages (three total fusion, two isochron) for these samples range from 1620 ± 20 to 380 Ma.
Mesozoic ages
Twenty-five separates gave Triassic-Cretaceous 40 Ar ⁄ 39 Ar ages (Fig. 3) . One hornblende (92CD3) with a complicated spectrum has an isochron age of 141 Ma. Four K-white mica have more-complicated spectra that are either hump shaped (95HZ14a & 95LYG07) or have monotonically increasing step ages (94YK46 & 95YTST01f). The isochron ages were used for the former and the latter interpreted to reflect protracted cooling from the time of the high-temperature step age to the time of the low-temperature step age. A fifth K-white mica sample (95ZY10) gave a relatively flat spectrum with a plateau age of 283.1 ± 1.9 Ma. Three biotite samples yielded relatively flat spectra with plateau ages of 209, 207 and 151 Ma (94BC13, 94MY08A, 99MC06B); five more gave more-complicated spectra for which the weighted mean ages of 216, 158, 125, 116 and 68 Ma were taken (94DYJ19, 94WHB05, 99DPC2, 95HZ14A, 94HYS13). Two complicated spectra have total gas age of 113 and 100 Ma (95LYG07, 92WQ-G). One K-feldspar (94WHB05) gave a saddle-shaped spectrum with an isochron age of 108 Ma. Five K-feldspar samples (92NZ13, 94YK46, 95CLSW, 95YZB1, 99JP7) gave monotonically increasing spectra (except for the first steps of some samples) interpreted to reflect protracted cooling from the time of the high-temperature step age to the time of the low-temperature step age. The least interpretable spectra (94BC13, 95HZ14a) are saddle-shaped, with no meaningful isochron; these are provisionally interpreted to reflect protracted cooling from the time of the high-temperature step age to the time of the youngest step age. As a group -except for 92NZ13 -these six samples have step ages that range from 214 to 88 Ma. Two of the samples (95HZ14a, 99JP7) have spectra implying Triassic-Jurassic cooling, two (94BC13, 94YK46) have spectra consistent with Triassic ⁄ Jurassic to Cretaceous cooling and two (95CLSW, 95YZB1) gave only Cretaceous ages.
DISCUSSION
Our new data and the entire Sm-Nd, Lu-Hf, U-Pb, Th-Pb, Rb-Sr, K-Ar and 40 Ar ⁄ 39 Ar data set from the Sulu area can be combined to address the questions posed in the introduction: the timing of the UHP event, the exhumation event, and the subsequent overprinting events -including assessing the thermal history of the Qinling microcontinent and the P-T history of rocks during and after UHP exhumation.
Precambrian orogenesis
Monazite as old as 2.6 Ga (Hacker et al., 2006) and zircon core ages of 2.9-2.5 Ga (Faure et al., 2003; Zhang et al., 2003; Hacker et al., 2006) constitute the earliest record of (Archean) orogeny exposed on the Shandong Peninsula (Fig. 4) . A subsequent Paleoproterozoic granulite facies event is indicated by monazite of 2.0-1.5 Ga (Enami et al., 1993) , zircon of 1.9-1.4 Ga (Hacker et al., 2006; Huang et al., 2006) , Sm-Nd garnet ages of c. 1.7 and c. 1.8 Ga (Zhai et al., 2000) and a Rb-Sr biotite age of 1.3 Ga (Ishizaka et al., 1994) . 40 Ar ⁄
39
Ar hornblende ages of 1805 Ma (Faure et al., 2003) and 1802 Ma (this study) and biotite spectra decreasing from c. 1700 Ma (this study) reflect either very slow cooling (c. 1°C Myr )1 ) following this event or subsequent Ar loss. The preservation of these 40 Ar ⁄ 39 Ar ages indicates that the major Triassic UHP orogeny and the Mesozoic magmatism were insufficient for complete isotopic resetting. Considerably younger ages -904, 901 and 782 Ma for biotite (this study) presumably reflect partial resetting by younger thermal events.
The final significant Precambrian orogenic event was at c. 750 Ma, as indicated by zircon crystallization ages of plutons and recrystallization ages of gneisses (Ames et al., 1996; Wu et al., 2004; Hacker et al., 2006; Huang et al., 2006; Leech et al., 2006; Zhang et al., 2006; Tang et al., 2008 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 904 n ⁄ a n⁄ a S U 92HFS01 kfs 0.5 0.00345681 380 275 Ma n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 275 n ⁄ a n⁄ a S U 92HH1 bt 2.2 0.00345080 782 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 782 n ⁄ a n⁄ a S U 92HXS05#1 bt 1.7 0.00348220 1463 1685 14 36 n ⁄ a n⁄ a n⁄ a n ⁄ a 1685 14 19 SU 92HXS05#2 bt 0.3 0.01578694 1472 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 1700 100 100 UCSB 92KB1 bt 0.4 0.01581700 901 n ⁄ a n ⁄ a n⁄ a 736 36 856 ± 347 2.9 736 36 36 UCSB 92LJ06 bt 1.7 0.00344419 2319 n ⁄ a n ⁄ a n⁄ a 1620 220 62223 ± 14000 0.63 1620 220 220 SU 92NZ13 kfs 1.9 0.00343563 294 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 305 fi 206 n ⁄ a n⁄ a S U 92WQ-G bt 0.5 0.01580409 100 111 7 n ⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 100 10 10 UCSB 92XS04 kfs 0.8 0.00349418 649 662.6 0.9 94 n ⁄ a n⁄ a n⁄ a n ⁄ a 662.6 0.9 5.1 SU 94BC13 kfs 3.0 0.00354865 235 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 214 fi 127 n ⁄ a n⁄ a kfs 0.9 0.00348885 133 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 196 fi 110 n ⁄ a n⁄ a S U 94YK46 ms 0.4 0.01580827 193 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 201 fi 189 n ⁄ a n⁄ a UCSB 95CLSW kfs 2.9 0.00341801 116 n ⁄ a n ⁄ a n⁄ a n ⁄ a n⁄ a n⁄ a n ⁄ a 122 fi 88 n ⁄ a n⁄ a S U 95HZ14a bt 0. Ar, isochron intercept; MSWD, mean square of weighted deviates; h fi l (e.g. 207 fi 188), spectrum with a range of step ages from a high-temperature step age (h) to a low-temperature step age (l) Fig. 3 . isochron. K ⁄ Ca ratios >10 000 not shown. WMPA, weighted mean plateau age; WMA, weighted mean age; TFA, total fusion age; MSWD, mean square of weighted deviates.
Uncertainties include only error in (J); for total error see Table 1 . ( Zircon with low pressure, pre-(U)HP inclusions provide the best constraint on when the prograde (pre-UHP) metamorphism began; the best data are 247.1 ± 5.9 and 244.5 ± 3.9 Ma (Liu et al., 2006b) ( et al., 2007) . Another five eclogites, two peridotites and a dunite have zircon ages in this range: 242 ± 8, 238 ± 3, 236.5 ± 5, 234.2 ± 3.6, 232 ± 7, 231.6 ± 2.5, 231.3 ± 5, 226.8 ± 3.7 Ma (Yang et al., 2003; Liu et al., 2006a; Zhao et al., 2006a) , as do two gneisses (233.9 ± 2.6 and 231.6 ± 2.5 Ma, Tang et al., 2008) . The individual spot data in these studies have sufficient precision to render these ages distinct from one another, indicating that the UHP event in Sulu lasted 20 ± 7 Myr (245.4 ± 6 to 225 ± 2 Ma), just as in Dabie (Hacker et al., 2006; Wu et al., 2006) . There are four Sm-Nd ages for the UHP event, a garnet-clinopyroxene age of 220.7 ± 5.9 Ma, a garnet-phengite-whole-rock age of 228.5 ± 8.6 Ma, a four-point garnet-clinopyroxene-phengitewhole-rock age of 226.5 ± 9.5 Ma (Li et al., 1993 (Li et al., , 1994 , and a garnet-clinopyroxene-whole-rock age of 220.7 ± 7.1 Ma (Schmidt et al., 2008) . Three Lu-Hf garnet-clinopyroxene ages are similar: 222.7 ± 1.6, 221.4 ± 1.2 and 219.6 ± 1.4 Ma (Schmidt et al., 2008) .
There are three biotite 40 Ar ⁄ 39 Ar ages similar to the UHP zircon -254 to 232 Ma -from the HP zone at Lianyungang (Xu et al., 2006) . It could be concluded that the HP zone was below 300°C at that time, and Liu & Li (2008) used such logic to argue that the peak metamorphism occurred before 253 Ma in the HP zone and from 240-220 Ma in the UHP zone. Note, however that these biotite ages are all older than a K-white mica age from nearby, suggesting that they may be affected by excess 40 Ar. In fact, the zircon data by themselves exhibit no difference in the age of the UHP event from north (Weihai) to south (Donghai). Whether there is an age gradient in the time of the UHP-HP metamorphism or heterogeneous excess 40 Ar needs further examination.
There are a few other cooling ages older than 220 Ma: biotite Rb-Sr ages of c. 220 Ma (Ishiwatari The end of the UHP metamorphism is marked by granitic plutons and dykes in the northern part of Sulu; these igneous bodies are undeformed to weakly deformed (Chen et al., 2003; Wallis et al., 2005; Yang et al., 2005a) (Fig. 6 ). Four zircon ages from these bodies, with uncertainties <2 Ma, range from 226.2 ± 1.7 to 220.0 ± 1.8 Ma (Chen et al., 2003; Wallis et al., 2005) ; a fifth age, from a K-feldspar-rich dyke, is 206.7 ± 1.9 Ma (Wallis et al., 2005) . It is possible that these magmatic ages are influenced by inherited zircon; e.g. Chen et al. (2003) preferred a 205 ± 5 Ma age for one of the plutons, but this age could equally well reflect Pb loss in light of the hornblende 40 Ar ⁄ 39 Ar age of 214.6 ± 1.9 Ma and K-feldspar age of 215.0 ± 0.7 Ma on one of the same plutons (Yang et al., 2005a) . Together, these ages indicate an unambiguous end to the UHP metamorphism -and possibly the climax of the post-UHP metamorphism -in the northern part of Sulu at c. 222 Ma. This is 0-10 Myr after the end of the UHP event, depending on which ages are considered to mark UHP metamorphism. This implies exhumation from 100 to <50 km at rates of 5-25 km Myr )1 , but better studies involving more precise geochronology on single outcrops is required. There are no equivalent dated plutons from southern Sulu, but the prevalence of 40 Ar ⁄ 39 Ar ages in the 220-210 Ma age range implies that southern Sulu experienced a similar magmatic event.
SIMS has been used to date zircon domains with post-UHP, amphibolite facies inclusions. The clearest There are numerous other ages in the 210-170 Ma range (Fig. 7) , just as in Dabie (Hacker & Wang, 1995) . These ages may reflect protracted cooling or partial resetting of older ages by Jurassic and ⁄ or Cretaceous tectonism; we favour the latter in light of the widespread Mesozoic magmatism. A Sm-Nd age of , 2006) . There is only one K-feldspar sample that gave low-temperature step ages in this age range, suggesting that temperature stayed above 300°C. Ar spectra with a range of ages, with the arrow pointing from the high-temperature to the low-temperature step ages. 
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Summary
The geochronology data set for Sulu is quite good in terms of areal coverage and number of analyses (Fig. 10) . We face a significant hurdle, however: the Cretaceous and Jurassic magmatic events caused radiogenic-daughter isotope loss that varies in space and in magnitude, making it difficult to understand the Triassic -much less the Precambrian -tectonic history of Sulu. To overcome this hurdle, a precise U-Pb age for every igneous body would help understand how and where the crust was modified by post-UHP magmatism. More areally comprehensive data from individual minerals and decay schemes (e.g. Rb-Sr of biotite) combined with multimineral data from single outcrops could then potentially clear away some of the ambiguity in the current data set and allow us to see more clearly back into the past.
CONCLUSIONS

New
40 Ar ⁄ 39 Ar ages from hornblende, muscovite, biotite and K-feldspar are presented from the Sulu area. These data, in conjunction with existing geochronology lead to the following conclusions. 1 The record of tectonothermal events in the Qinling microcontinent spans 2.0-1.4 Ga. A subsequent magmatic event at 750 Ma -clearly visible SE of the YQW fault -caused partial resetting of biotite and K-feldspar in the Qinling microcontinent and cooling to <200°C by 660 Ma. Heating of the Qinling microcontinent was minimal during the Triassic UHP and Mesozoic magmatic events, as suggested by 40 Ar ⁄ 39 Ar K-feldspar step ages of 305 Ma; Triassic heating of equivalent rocks in Dabie was more profound. 2 Zircon, Sm-Nd, and Lu-Hf data pin the UHP event to c. 245 to c. 222 Ma (blue-grey band in Fig. 10 
SUPPORTING INFORMATION
Additional Supporting Information may be found in the online version of this article: Table S1 . 40 Ar ⁄ 39 Ar data. Appendix S1. Descriptions of samples measured. Please note: Wiley-Blackwell are not responsible for the content or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article. n/a n/a n/a n/a n/a n/a n/a 904 n/a n/a SU 92HFS01 kfs 0.5 0.00345681 380~275 Ma n/a n/a n/a n/a n/a n/a~275 n/a n/a SU 92HH1 bt 2.2 0.00345080 782 n/a n/a n/a n/a n/a n/a n/a 782 n/a n/a SU 92HXS05#1 bt 1.7 0.00348220 1463 1685 14 36 n/a n/a n/a n/a 1685 14 19 SU 92HXS05#2 bt 0.3 0.01578694 1472 n/a n/a n/a n/a n/a n/a n/a 1700 100 100 UCSB 92KB1 bt 0.4 0.01581700 901 n/a n/a n/a 736 36 856 ± 347 2.9 736 36 36 UCSB 92LJ06 bt 1.7 0.00344419 2319 n/a n/a n/a 1620 220 62223 ± 14000 0.63 1620 220 220 SU 92NZ13 kfs 1.9 0.00343563 294 n/a n/a n/a n/a n/a n/a n/a 305→206 n/a n/a SU 92WQ-G bt 0.5 0.01580409 100 111 7 n/a n/a n/a n/a n/a 100~10~10 UCSB 92XS04 kfs 0.8 0.00349418 649 662.6 0.9 94 n/a n/a n/a n/a 662.6 0.9 5.1 SU 94BC13 kfs 3.0 0.00354865 235 n/a n/a n/a n/a n/a n/a n/a 214→127 n/a n/ kfs 0.9 0.00348885 133 n/a n/a n/a n/a n/a n/a n/a 196→110 n/a n/a SU 94YK46 ms 0.4 0.01580827 193 n/a n/a n/a n/a n/a n/a n/a 201→189 n/a n/a UCSB 95CLSW kfs 2.9 0.00341801 116 n/a n/a n/a n/a n/a n/a n/a 122→88 n/a n/a SU 95HZ14a bt 0. n/a n/a n/a n/a n/a n/a n/a 207→188 n/a n/a SU 95LYG07 ms 3.1 0.00337741 222 221.5 1 45 225.4 1.1 169 53 221.5 1.0 2.0 SU 95LYG07 bt 0.1 0.01582294 113 n/a n/a n/a n/a n/a n/a n/a 113~10~10 UCSB 95YTST01f ms 0.1 0.01582075 175 174.9 0.7 40 173.5 9.4 10004 2382 195→150 n/a n/a UCSB 95YZB1 kfs 3.2 0.00342889 90 n/a n/a n/a n/a n/a n/a n/a 135→110 n/a n/a SU 95ZY10 n/a n/a n/a n/a n/a 124.7 1.1 1.5 SU 99JP7 kfs 3.5 0.00338764 191 188.3 0.3 n/a n/a n/a n/a n/a 190→177 n/a n/a SU 99SMC06 bt 2.4 0.00351480 146 150.7 0.8 99 146.3 6.5 1312 ± 1500 1 150.7 0.8 1.4 SU J = irradiation parameter; TFA = total fusion age; %39Ar = fraction 39Ar used in computing WMPA and IA age; WMPA = weighted mean plateau age (italic = weighted mean age); 40Ar/36Ar = isochron intercept; MSWD = mean square of weighted deviates h→l (for example, 207→188) indicates spectrum with a range of step ages from a high-temperature step age (h) to a low-temperature step age (l) et al., 1993; Hacker et al., 2006] . 92HFS01 (N 37°B14' 27'' E120°45'39''). Biotite K-feldspar orthogneiss with well-recovered microstructure. 94BC13 (no GPS location). K-feldspar biotite hornblende sphene gneiss with amphibolite-facies fabric. 
